Efficacy of 3D visualization in mobile apps for patient education regarding orthognathic surgery by Pulijala, Yeshwanth et al.
 Efficacy of 3D visualization in mobile apps for patient education regarding 
orthognathic surgery 
 
Yeshwanth Pulijala 1 Minhua Ma 2 Xiangyang Ju 3 Philip Benington4 Ashraf Ayoub 5  
 
 
1,2: School of Art, Design and Architecture, University of Huddersfield, Queensgate, 
Huddersfield, West Yorkshire HD1 3DH 
3: Image Processing, Medical Devices Unit,  Glasgow Dental Hospital and School, 378 
Sauchiehall Street, Glasgow G2 3JZ 
4. Department of Orthodontics, Glasgow Dental Hospital & School 
5: Oral & maxillofacial Surgery, Glasgow University Dental Hospital & Scholl, 378 
Sauchiehall Street, Glasgow G2 3JZ 
 
 
 
 
 
Corresponding author:  
Yeshwanth Pulijala 
Email: u1475891@hud.ac.uk 
 
Running title: Efficacy of mobile apps in patient education   
1 
 
 Abstract  
‘Sur-face’, is an interactive mobile app illustrating different orthognathic surgeries and their 
potential complications. This study aimed to evaluate the efficacy of Sur-face by comparing 
two methods of delivering patients’ information regarding orthognathic surgeries and their 
related potential complications: a mobile app with interactive 3D animations and a voice 
recording containing verbal instructions only. For each method, the participants’ acquired 
knowledge was assessed using a custom designed questionnaire. Participants of the ‘app’ 
group performed significantly better (p<0.0034) than the ‘voice’ group and retained more 
knowledge, suggesting that interactive visualizations play a key role in improving the 
understanding of the orthognathic surgical procedure and its associated complications. This 
study emphasizes the impact of 3D visualizations in delivering information regarding 
orthognathic surgery and highlights the advantage of delivering validated patient information 
through mobile apps. 
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 Introduction: 
Orthognathic surgery is an elective procedure; hence it is essential to involve patients in the 
treatment planning and to obtain an informed consent. This allows them to play a more active 
part in the delivery of their surgical care.1-2 However, the level of understanding that patients 
have of their planned surgery and its associated complications has often been 
underestimated.3-4 Conventional techniques of delivering education to patients through 
verbal, illustrative and leaflet-based instructions may not be effective enough to adequately 
explain the surgical procedure and potential postoperative complications. The low efficiency 
of these methods in delivering the required information may be attributed to the educational 
and the cultural barriers between the patients and the clinicians.  The use of complex 
scientific jargon as well as the mental state of the patients during their appointments acts as 
additional barriers for obtaining an informed consent. Williams et al., 5 found that patients’ 
satisfaction levels varied according to the method of delivering the necessary information.  
Further research showed that multimedia resources were better than conventional techniques6-
7 in improving the patients’ understanding of the surgery that they were about to undergo. The 
illustrations and the interactive manipulation of images in graphical resources help the 
patients to acquire a more satisfactory level of knowledge. Studies on multimedia showed 
that patients appreciate the use of video and moving images over other methods of delivering 
medical information.8 Also, the use of videos for patients’ education significantly reduced 
their anxiety.9 Beranova and Sykes10, studied computer-based patient education methods for 
congestive heart failure and suggested that patients are eager to know more about their health 
and computers are serving this purpose. Later, Mladenovski and Klieser11 compared the 
effectiveness of information leaflets with multimedia methods of delivering education 
relating to the surgical removal of impacted 3rd molars. In their research 93% of the 
participants found graphic animations helpful. Supporting these findings, Cleeren et al.,12 
used 3D animations to explain periodontal conditions, described how patients preferred 3D 
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 visualizations to sketches or written instructions. In case of orthognathic surgery, Azem et 
al.,13 used 2D graphical illustrations of Le Fort I maxillary surgery on a tablet device. They 
evaluated the effectiveness of graphical illustrations by comparing the retaining capacity of 
the delivered knowledge by a group of volunteers using a questionnaire. Participants were 
divided into ‘tablet’ group and ‘verbal’ group based on the mode of instructions received. The 
tablet group outperformed the verbal group significantly (p<0.001) showing that the 
multimedia tablet devices helped the participants to retain more information than 
conventional verbal approach. 
 
The application of these multimedia resources has gained further attention with the current 
rise in usage of smart devices with uninterrupted Internet access. According to Google,14 one 
in every twenty searches on Google is regarding health related information. Internet and 
American Life Project15 reported that 59-80% of internet users browse topics related to health 
care. More than 43000 healthcare apps were found on Apple’s iTunes store16,17 and over 
35000 apps were found on the Google Play store.18 Despite these studies clearly suggesting 
that patients are increasingly considering information on internet and mobile apps for 
healthcare purposes, a multimedia mobile app providing information on orthognathic surgery 
and its complications has not been developed yet. To meet this need, Sur-face was developed 
using computer generated interactive 3D visualizations. The aim of the study was to 
investigate the impact of this mobile app, which provides 3D visualizations in delivering 
patients education through a questionnaire-based analysis. The null hypothesis states there is 
no difference between the information retained by volunteers regarding orthognathic surgery 
when delivered by two methods; ‘App’ and ‘Voice’. This paper presents the steps in design, 
development, and evaluation of Sur-face.  
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 Methods 
Design of the App 
In the design of Sur-face, information was divided into pre-surgical preparation, surgical 
procedure(s) and post-surgical changes. For pre-surgical preparation, scenes illustrating the 
doctor-patient appointment (fig.1) and preparation of the patient for surgery were shown. In 
addition to the 3D models, an image of the consent form was included to reinforce the 
responsibility of patients in taking an informed decision. The surgery section consisted of 
interactive 3D animations illustrating orthognathic surgical procedures including Le Fort I 
maxillary osteotomy, sagittal split mandibular osteotomy and bi-maxillary osteotomies, as 
well as augmentation genioplasty (fig.2) and hip graft procedures (fig.3). The post-surgical 
changes section was on the potential side effects of the surgical procedure which included 
swelling, pain, nose bleeding and restricted mouth opening (fig. 4). This section also 
provided information on complications including numbness, devitalisation of teeth and post-
surgical relapse.  
 
Development of the App 
Autodesk Maya19 software was used to create realistic visualizations of the surgery through 
3D animations. To represent the anatomy of the head and neck accurately, a customizable 
Zygote human body20 model was chosen. Additional effects including eye blinks and hair 
were added to enhance the realism of its appearance. The appearance of jaw retrognathism or 
prognathism was created using lattice deformation of the model. Correction of these 
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 deformities using surgical cuts and movements of the bones was then demonstrated by 
applying key frame animations as shown in the fig. 5.  
   
To enhance the interactivity of the existing animations and to export them to the mobile 
platform, Unity 3D21 game engine was used. In Unity, C# Programming language was used to 
control the animations intuitively. The user was provided with the facility of moving a slider 
showing pre and post-operative changes in facial appearance. Navigation buttons and verbal 
instructions, without scientific jargon, were added with the help of software such as Garage 
Band22 and Avid Pro.23 
 
The developed application was then exported for use on mobile devices through specific 
software development kits (SDK) based on the operating systems (OS). The first version of 
this app was made available for tablets running Android.17 
 
Evaluation of the App 
Fifty non-patient volunteers from multiple ethnic groups were recruited after being given a 
brief overview of the purpose and scope of this research. 24 participants were male (48%) 
and 26 participants were female (52%). The mean age of the participants was 25.03 at the 
time of their participation in the research. All the participants had previous bachelor degrees 
and were undertaking higher degrees at the time of the study. There was no difference in their 
level of education except the courses. The participants willingly took part in the study after 
explaining the need for proper patient education. Additionally, ill consequences following 
poor understanding of consent process by the patients before a surgery were highlighted. 
More details regarding jaw surgery procedure, potential complications and the conventional 
methods of patient education including printed leaflets were presented. Following this, the 
participants were randomly divided into “app” and “voice” groups, based on the method used 
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 for delivering the information regarding the orthognathic surgical technique and its associated 
complications. Members of the ‘app’ group were provided with Sur-face on a 10.1-inch 
Motorola Zoom tablet along with instructions for use, whereas ‘voice’ group participants 
were provided with only audio information on the same device, along with a printed leaflet 
containing the same content. The participants completed a questionnaire at the end of the 
session which consisted of 13 questions.13 Twelve of these focused on topics related to the 
process, side effects and post-operative complications of orthognathic surgery, whilst the 
thirteenth question concerned the signs and symptoms of infection after surgery. None of the 
participants left the study in the middle. A student t-test was applied to assess the differences 
between the two groups in the percentage of correct and completed answers. 
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 Results 
 Participants in the ‘app’ group attempted to answer more questions than those in the “voice” 
group (p=0.0366) and gave a significantly higher number of correct answers (p=0.0034) 
(fig.6, tables 1, 2) 
 
When asked about the presence of scar after the surgery, all the participants of the app group 
answered correctly in comparison with only half of the voice group. Questions related to 
post-operative complications, limited mouth opening and discoloration of teeth, were 
answered correctly by most of the participants in the “app group”. Questions related to the 
site of the postoperative numbness and its duration were answered correctly by most of the 
participants in the “app” group. Most of the participants in the “voice” group gave the correct 
answer regarding the duration of postoperative numbness but could not identify the affected 
region of the face.  The number of symptoms answered by the app group was significantly 
higher than those of the voice group. Questions concerning post-operative symptoms, 
including pain, swelling and nose bleeding, received equally correct responses from the 
participants in the two groups. Question on relapse as a potential complication of surgery was 
acknowledged correctly by both groups. The length of discomfort after the surgery was also 
correctly answered by most of the participants of the “app” group. Interestingly, two of the 
‘voice’ group members correctly answered all the 12 questions about the surgery.   
 
Question regarding the possible change in the color of tooth following surgery suggesting its 
damage was correctly answered by most of the app group members unlike the voice group. 
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 The additional question on the symptoms of infection was attempted and answered correctly 
by most of the participants in the ‘app’ group while it was left unanswered by the participants 
in the ‘voice’ group.  
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 4. Discussion 
The results clearly showed that participants of the ‘app’ group retained more information than 
those in the ‘voice’ group. Thus the null hypothesis was rejected, emphasizing the role of 3D 
visualizations and interactive applications in improving the participants’ understanding of the 
surgical procedures and potential postoperative complications. However, not all the questions 
attempted by the “app” participants were correctly answered, suggesting that further guidance 
from the surgeon during the consenting process is necessary. This also highlights the fact that, 
while mobile apps are a useful adjunct to the informed consent process, they cannot substitute 
for the information delivered by the surgeon. Written consent is mandatory for orthognathic 
surgery25 and surgeons are authorized to perform a procedure only with the patient’s explicit 
informed written agreement.26 Complications, including altered sensation or complete 
numbness of the lower lip, are commonly reported after lower jaw surgery.27 Patients who do 
not fully appreciate the risks of these complications might find it challenging to deal with 
this. Krause et al.,28 have reported that the majority of litigation cases in orthognathic surgery 
are secondary to misunderstandings between patients and the surgeon. 
 
This research highlights the need for redesigning the consent process using 3D visualization 
to improve the interaction with patients. An earlier study by Azem et al.,13 also suggested that 
interactive visualizations are effective in delivering information regarding orthognathic 
surgery and its associated complications.  
 
Non-patient volunteers participated in the evaluation of Sur-face in this study, they had no 
prior knowledge of orthognathic surgical procedures, it is logical to assume that Sur-face 
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 would have had at least the same positive impact on patients if not more. However, this 
requires further investigation. 
 
The addition of interactive animations describing the nature of dentofacial deformity and 
post-surgical instructions is desirable. Utilizing the functions of mobile smart phones, such as 
camera, accelerometer and gyroscope, can further enhance usability and access. A camera on 
a mobile device can be used to track the skeletal landmarks and predict the outcome of the 
surgery and thereby help patients to envisage post-surgical changes. Access to the internet is 
one of the key advantages of smart devices. Search functionality helps users to find answers 
to their questions regarding surgery, making the app more user friendly. New applications 
such as Calendar, Evernote and Health kit29 would help the user to integrate their medical 
data and doctor’s appointments on the same “app”. These could also play a key role in 
reminding the patient of postoperative instructions and prescribed medications.  
 
The rising trend in smart phone and mobile tablet usage in the general population, with 
almost 59% of them owning a smart phone and 20% using health apps,30 highlights the need 
for multimedia to facilitate the delivery of surgical and medical information. Highly 
accessible health-educating material on mobile apps would be also effective in delivering 
information to patients. In conjunction with the increasing daily influx of health care apps 
into the app store, there is an increased risk that medical procedures are falsely 
representated.31 It is therefore essential for surgeons to provide validated patient education 
materials, leveraging on smart device technology. As more surgeons and app developers 
collaborate, it should only be a matter of time before each of the surgical procedures has its 
own dedicated app. 
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